The contribution of water molecules in molecular dynamics simulation (MDS) is unquestionably high, particularly for enzymatic interaction which occurred in the cytoplasmic environment. The addition of water molecules to the system will surely influence different direct interaction between active site residues and substrate. We try to theoretically investigate to what extent the pathogenicity characterization will varies in different neuraminidase-sialic acid complex systems. The heating dynamics simulations were produced with and without TIP3P water molecules. The periodic boundary system was made for explicitly added TIP3P water molecules and generalized born molecular volume (GBMV) energy contribution was added for implicit solvent system. Both complexes, neuraminidase-sialic acid of A/Tokyo/3/67 and A/Pennsylvania/10218/ 84, which have a different pathogenicity levels were minimized and simulated. The result shows more residues produced hydrogen bonds with substrate when water molecules were not added to the system. The binding free energies also show differences. Overall, even the values of energy is different, but an implicit solvent provides the similar result (HPAI complex has higher activity than LPAI for both systems) in characterization of pathogenic virus neuraminidase activity.
INTRODUCTION
The correlation between neuraminidase (NA) catalytic activity with the pathogenicity level has been studied in several experiments [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The results shows the same similarity that the high pathogenic avian influenza (HPAI) virus have NA's activity higher than the low pathogenic avian influenza (LPAI). Further investigation even revealed specific NA's residue which increase the virulence, viral pathogenicity, and cause a resistance into NA inhibitors (NAI).
The NA catalytic process, which cleavage matured virion that attached in the cell wall, occurred in the aqueous environment. To produce molecular dynamics simulation of NA-SA complex, the contribution of water molecules to the interactions need to be added into the system. Since, the addition of water molecules explicitly into the system requires high computational costs, many alternative methods were achieved to add aqueous environment implicitly to suppress the time of simulation. One of many methods widely used is GBMV [12] .
In this study, the NA-SA complexes were compared in explicit and implicit solvent to get insight on how the results still have a capability to characterizing the pathogenicity level of avian influenza virus. The comparison was build in the subject of the structural changes through root mean square deviation (RMSD), the number of NA residues formed hydrogen bond with SA directly and indirectly, percentage of occupation, and free binding energy.
MATERIALS AND METHODS

Structure Preparation
The NA sequence of A/Tokyo/3/67 avian influenza virus (AIV), that was isolated in 1967 [13] during a time of prevalent infection, obtained from NCBI [14] with accession code AAB05621. The sequence was being aligned with the NA sequence of A/Pennsylvania/10218/ 84 (accession code BAF48360) which is a non-pathogenic AIV [15] . These AIV's were chosen to delegated two different level of pathogenicity. Sequences alignment was executed with BLOSUM 30 scoring matrix in fast pairwise alignment method.
The result of sequences alignment was being used in homology modeling to generate LPAI NA molecule. The template molecule, which is A/Tokyo/3/67 NA-SA complex [16] , was obtained from RCSB protein data bank [17] . The CHARMm forcefield utilized to adding missing hydrogen atoms [18, 19] . The original LPAI and HPAI NA-SA complex molecules were copied and the explicit water molecules were added into duplicated molecules as TIP3P waterbox [20] .
Minimization and Heating MDS
The minimization and heating MDS were done with periodic boundary implicit and explicit solvation systems. The GBMV implicit solvation was included in original and unsolvated HPAI and LPAI NA-SA complexes minimization and heating MDS. Both HPAI and LPAI complexes in both systems minimized within two steps, 1,000,000-steps maximum with gradient energy 0.5 kcal/mol steepest descents and 1,000,000-steps maximum with gradient energy 0.1 kcal/mol conjugate gradient. Heating MDS was successfully completed with 20 picoseconds (ps) time simulation. All systems temperature rose from 0 into 300 K with the parameters used were 20,000 steps, 0.001 time step, non-bond list radius 14 Å, switching function 10-12 Å [21, 22] , the SHAKE algorithm [23] was applied (only in the implicit solvation) to fix lengths of all bonds involving hydrogen atoms, and the trajectory data were stored every 0.1 ps. All phases of the study described in this section from structure preparation to molecular dynamics simulation were conducted with Discovery Studio 2.1 (Accelrys).
RESULTS
3.1. All Atoms, Backbone, and SA RMSD Figures 1(a), 1(b) , and 1(c) visualize the structural changes during the simulation. The movement of subjected atoms could be monitored through its fluctuative RMSD. The higher fluctuate indicates higher movement. The structural stability of each molecule and the whole atoms in the complexes could also be analyzed from those figures. Overall, the explicitly solvated complexes show much better stability than the implicit. Figure 1 (a) depicts the RMSD of all atoms in the complex (without water molecules). Both solvation shows progressive increasement around 0 -5 ps, but in the implicit solvation systems, the movements of all atoms are higher than in the explicit. This difference must be caused by the water molecules that surrounded the NA-SA complexes. Although the stability of implicit solvation systems is lower than the other, it has an advantage. A significant result in pathogenicity characterization is more 
The Hydrogen Bonds between NA Residues and SA
The comparison of hydrogen bonds formed between functional residues (residues which interact directly with substrate, in this case is SA) and SA has been done. This is needed since hydrogen bonds cluster bind tightly. Table 1 listed all NA residues that formed hydrogen bonds with SA complemented with its interaction energy and distance. This section also provided the percentage of hydrogen bonds occupation and the figure of water molecules in explicit solvation which linkage framework residues to bind SA indirectly.
In Table 1 the results shows that the HPAI NA-SA complex produce larger number of hydrogen bonds formed, compared with LPAI NA-SA complex, in the last conformation. This is appears in both implicit and explicit solvation systems. In implicit HPAI NA-SA complex there are 15 hydrogen bonds formed while LPAI only have 8. The best interaction (lowest interaction energy) and the shortest distance of NA residues-SA in an implicit solvation was made by hydrogen bond formed between Arg152 HH21 atom and SA O7 atom in the HPAI complex with -41.61 kcal/mol and 1.81 Å, respectively.
In explicit LPAI NA-SA complex there are only 4 hydrogen bonds formed while in HPAI produced 7 hydrogen bonds. The lowest interaction energy was made by hydrogen bond formed between Glu276 OE1 atom and SA H5 atom with -41.11 kcal/mol. The shortest distance was made by hydrogen bond formed between Asp151 OD1 atom and SA H3 atom with 1.73 Å. In the last conformation of simulation also revealed several water molecules formed hydrogen bond with the SA. Fascinatingly, the water molecules which linkage several residues appears only in HPAI (look Figures 2(a) and  2(b) ). Those residues are Glu119, Asp151, Ser179, Arg224, and Glu227.
The percentage of occupation offers a complementary observation into the stability of hydrogen bonds formed during the simulation. From Figure 3 could be seen that several functional residues formed hydrogen bonds with SA which have percentage of occupation larger than 80%. This is indicated that those residues have strong hydrogen bonds [23] . In the explicit HPAI NA-SA complex observed that there are four NA residues formed a strong hydrogen bond with SA. Those residues are Asp151, Arg152, Glu276, and Arg371. In other hand, the explicit LPAI NA-SA complex produce three strong hydrogen bonds that formed by Asp151, Arg224, and Glu276 with SA atoms.
In the implicit HPAI NA-SA complex there are produced five strong hydrogen bonds formed by SA with Arg118, Arg152, Glu276, Arg292, and Arg371. Three of those five residues are known as triad Arg 118-292-371 which occupy S1 active site. This is not occurred in the implicit LPAI NA-SA complex which formed four strong hydrogen bonds involving Asp151, Glu276, Arg292, and Tyr406. In spite of that, the results shows similarity that the numbers of strong hydrogen bonds formed in HPAI is larger than LPAI in both solvation applied in NA-SA complexes for the simulation. For both solvation also revealed that strong hydrogen bonds was made by Glu276 for all complexes simulated. This indicates that the Glu276 has played a role in NA-SA binding. Table 2 shows free binding energies of all NA-SA complex molecules in the last conformation based on Amaro et al. [24] . This method improves the time of calculation than if all of trajectories saved were calculated. The results are known similar to other studies that calculated the binding free energy of NA-inhibitor complexes with different approaches [25, 26] . In the explicit solvation systems, complex molecules calculated without any implicit solvation energetic contribution while in the implicit solvation, the calculation executed with the addition of GBMV implicit solvation energy. The NA-SA complexes in HPAI is lower than LPAI for both solvation which in other way tells that the HPAI NA have a better interaction with SA than in the LPAI [27, 28] . The similarity of the results could be seen as the indicator that pathogenicity characterization is available to perform either with implicit solvation or explicit solvation.
End-Point Free Binding Energy
DISCUSSION
The main focus in this study is to compare the implicit solvation GBMV with explicit solvation and both possibility to determine the difference of pathogenicity of AIV through the interaction of its NA-SA. Overall, almost all of the results show similarities. Except in the SA RMSD that shown different stability between HPAI and LPAI in both implicit and explicit solvation. In the implicit solvation the HPAI is more stable than LPAI while in explicit solvation the LPAI is the more stable than HPAI. Even in the explicit solvation the differences is subtle, it could still be an indicator that there is may be another explanation for this confusing results. It is probably be caused by the interaction of SA with water molecules in explicit solvation simulation. As indirect interaction was made in HPAI from the residues that formed a hydrogen bonds with water molecules that also produces a hydrogen bonds with SA, which did not occurred in LPAI NA-SA complex. However, deep investigation is still needed to look further in this issue. The NA-SA binding with and without water molecules influences different positional fluctuations of complex molecules. It appears in our RMSD graphics that the molecules in the explicit solvation system have lower RMSD values. Non-bond interactions between complex molecules and water molecules stabilize the system that cause the movement of the complex molecules is minimum. In both explicit and implicit solvation, HPAI has more stable movement which can be seen from its minimum fluctuation RMSD. This RMSD comparison is amenable with multiple studies that infer that a higher substrate RMSD suggests the superior neuraminidase ability to reject an inhibitor [23, 29, 30] . While in this study, SA high RMSD related with neuraminidase acceptance abilities when cleavage the virion from the edge of the cell.
The specific residues that formed hydrogen bonds with SA in our experiment agree with the results from other studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The key role of Asp151, Glu276, Arg292, and Arg371 are important that the changes in one of those residues could followed by the resistance of inhibitors. In both explicit and implicit solvation systems, their importance is obviously observed. It could be seen from its interaction energy, distance and percentage of occupation. Those three results provide the evidence that they have a strong interaction in almost all NA-SA complexes simulated.
The end point free binding energy calculation results for explicit simulation is very low. It seems because the calculation for the explicit solvation systems, the implicit solvation contribution was not added. The GBMV free binding energy calculation then also executed for explicit complex molecules. The results show the values of -1.37 kcal/mol and 17.97 kcal/mol for HPAI and LPAI, respectively. Compared by other studies [25, 26, 31] , the calculation with GBMV is at their results range (-21.7 kcal/mol to 7.3 kcal/mol). This is indicate that our
CONCLUSION
Differences in pathogenicity level can be assessed by implicit or explicit solvation heating dynamics simulation. Even the structural changes and energetic analysis show significant value, the implicit solvation systems results are similar to with the explicit solvation systems. The HPAI complexes molecules in both systems show higher activity than the LPAI complexes molecules. The use of explicit solvation is suggested for better results and systems stability, but the use of implicit solvation is still resembles the explicit solvation.
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